SUMMARY: Molecular epidemiological analysis of Kudoa septempunctata isolates from 34 olive flounders associated with foodborne disease outbreaks and from 6 reference samples was performed using random amplified polymorphic DNA (RAPD) analysis. The K. septempunctata isolates analyzed in this study were divided into 8 groups. Eight isolates obtained from the large Ehime Prefecture outbreak in Japan that had occurred on October 8, 2010, were further divided into 4 groups. Eight isolates obtained from Korean samples were divided into 3 groups. These groups included isolates that had been identified from the large Ehime Prefecture outbreak. These results indicated that the Korean isolates had similar genetic backgrounds to those involved in the Ehime Prefecture outbreak. Isolates associated with outbreaks with similar dates of onset tended to be classified in the same group, suggesting that the strains involved in these incidents were genetically related. These results demonstrated that RAPD analysis is a useful molecular epidemiological analysis method for K. septempunctata.
In Japan, outbreaks of unidentified foodborne diseases associated with the consumption of raw olive flounder (Paralichthys olivaceus) have increased (1). The symptoms include transient but severe diarrhea and emesis; patients generally recover within 24 h after the onset of symptoms (1) . Illness occurs 2-20 h after ingestion (1). We previously reported that Kudoa septempunctata, a newly described myxosporean species that lives in olive flounder, is the causative agent of this foodborne disease (1, 2) . Sporoplasms released from K. septempunctata spores in the human intestine invade the mucosal monolayer (3). The invasion of intestinal epithelial cells by K. septempunctata sporoplasms is believed to be a contributing factor in causing the diarrhea associated with this pathogen (3) .
Olive flounders, which are consumed in Japan, are obtained from natural waters, cultured in Japanese fish farms, or imported from foreign countries. Therefore, a wide diversity in K. septempunctata strains potentially exists within Japan. However, the origin and diversity in K. septempunctata has not been well studied. K. septempunctata is not currently cultured in laboratories. When surveying and analyzing outbreaks, only a few grams of olive flounder can usually be obtained from the meal remnants of patients. Both these factors make it difficult to obtain a large amount of K. septempunctata genomic DNA, making genetic analyses very difficult. In addition, the details of the K. septempunctata genome are not currently published. Random amplified polymorphic DNA (RAPD) analysis (4, 5) enabled us to perform whole-genome analysis without requiring a large amount of DNA or detailed genomic information (6, 7) . The aim of this study was to characterize K. septempunctata in olive flounder remnants collected from the meals of patients by performing RAPD analysis to clarify the genetic relationship between K. septempunctata strains.
A total of 34 olive flounder samples associated with the outbreaks were provided by local Japanese governments. Olive flounders cultured at fish farm A in Oita Prefecture were provided by the National Research Institute of Aquaculture. Several olive flounder samples were purchased from a Japanese market. Olive flounders obtained from fish farm A and those purchased from the Japanese market were used as reference samples in this study. K. septempunctata spores were purified from olive flounder flesh as described previously (1) . DNA was extracted from 5 × 10 6 spores using the QIAamp DNA Mini kit (Qiagen, Hilden, Germany). Nineteen RAPD primers contained in a RAPD 10-mer kit (Operon Biotechnology, Tokyo, Japan) that produced reproducible results were used in this study. Polymerase chain reaction (PCR) was performed using 50 ng of template DNA, 0.5 U of Ex Taq (Takara Bio, Inc., Shiga, Japan), 1 × PCR buffer, 0.2 mM dNTPs, and 5 mM RAPD primer in a final volume of 20 ml. Amplification was performed using a T100 thermal cycler (BioRad Laboratories, Inc., Hercules, CA, USA) as follows: initial denaturation at 959 C for 1 min, followed by 45 cycles of 959 C for 30 s, 369 C for 30 s, and 729 C for 1 min, and final primer extension at 729 C for 10 min. PCR products were subjected to gel electrophoresis using 1.5z agarose gel, and DNA was detected using SYBR Safe DNA gel stain (Thermo Fisher Scientific Inc., Waltham, MA, USA). The pattern of DNA bands was analyzed using TotalQuant gel analysis software (TotalLab Ltd., Newcastle, UK). The genetic N 2 ) . N 12 represents the number of bands shared between samples 1 and 2; N 1 represents the total number of bands amplified using 19 RAPD primers; and N 2 represents the total number of bands amplified using 19 RAPD primers. The genetic distance matrix between samples was constructed and then utilized to construct a neighbor-joining dendrogram (10) . Cluster analysis and dendrogram construction were performed using MEGA6 Freeware (11) . In this study, we analyzed 34 olive flounder samples that were associated with foodborne disease outbreaks ( Table 1, ID 1-34) . Olive flounders ID 2 and 3 were collected from the same outbreak that occurred in Oita Prefecture, Japan. Olive flounders ID 23-30 were different individuals related to an outbreak in Ehime Prefecture. Three olive flounders that were raised in fish farm A in Oita Prefecture and 3 others that were purchased from Japanese markets were used as reference samples in this study. Fish farm A was heavily contaminated with K. septempunctata. The sources of olive flounders used in this study were as follows (Table 1) 18). Spores were purified from these olive flounders and subjected to RAPD analysis. The genetic distance matrix between samples was constructed ( Table  2 ) and then utilized to construct a dendrogram (Fig. 1) . A total of 40 K. septempunctata isolates in this study were divided into 8 groups (Fig. 1, groups A-H) . The isolates obtained from Korean olive flounders were divided into 3 groups (Fig. 1, groups B , G, and H) and those isolated from olive flounders raised at fish farm A (ID 36-38) were divided into 2 groups (Fig. 1, groups G  and H) . On October 8, 2010, a large K. septempunctata outbreak occurred in Ehime Prefecture, representing the largest outbreak of this pathogen at that time. During this outbreak, 113 of 534 patients developed symptoms. The olive flounders causing this outbreak were provided from a single fish farm in Ehime Prefecture and approximately 195 olive flounders were probably associated with this outbreak (a personal report from Ehime Prefecture). K. septempunctata spores were purified from 8 olive flounders (ID 23-30) associated with this outbreak and then subjected to RAPD analysis. The isolates from this outbreak were divided into 4 groups (Fig. 1, groups B, D, G, and H) . Groups B, G, and H included isolates from olive flounders originating from Korea, fish farm A, and Ehime Prefecture outbreak. This result suggested that the large outbreak in Ehime Prefecture was caused by multiple strains that included close relatives of isolates obtained from Korean olive flounders. Isolates obtained from olive flounders raised in Oita Prefecture (ID 2, 3, 15, 21, and 36-38) were divided into groups A (ID 2 and 3), F (ID 15), G (ID 36 and 37), and H (ID 21 and 38), indicating that the isolates from the same prefecture, and even from the same fish farm (fish farm A), showed high genetic diversity.
One possibility is that multiple lots of olive flounder are introduced to fish farm; alternatively, this diversity may merely represent the natural variety of K. septempunctata strains. Additional studies are needed to elucidate the noticeable genetic diversity of K. septempunctata strains.
Groups E and F included 10 isolates; however, the origins of these olive flounders were unknown, except for 2 isolates (ID 8 and 15) . Group E included 6 strains, and 4 olive flounders of group E were derived from incidents that occurred at Hiroshima Prefecture. The 3 incidents in Hiroshima Prefecture (ID 9, 11, and 12) occurred at around the same date. Similarly, isolates from outbreaks with close dates of onset frequently clustered . These results suggested that the incidents with close dates of onset were caused by genetically related strains. Thus, the olive flounders associated with these incidents potentially originated from the same fish farm. Further investigation will be needed to identify the origin of these olive flounders. In this study, the genetic relationships among K. septempunctata isolates associated with foodborne disease outbreaks were examined using RAPD analysis. RAPD analysis is useful for genetic analysis of organisms that cannot be cultured in laboratories or those with limited genetic information available. RAPD analysis in this study suggested that the large Ehime Prefecture outbreak was caused by multiple strains that were genetically related to those isolated from Korean olive flounders. Therefore, RAPD analysis enabled us to obtain infor-mation that complements conventional epidemiological surveys on K. septempunctata-associated outbreaks. Moreover, RAPD analysis was shown to be effective for the analysis of K. septempunctata-associated outbreaks.
